Abstract. A BCS model characterized by a phenomenological pair potential with on-site (V 0 ), nearest (V 1 ), and next nearest (V 2 ) neighbour coupling constants, and an empirical quasiparticle dispersion taken from angle-resolved photoemission spectra is considered. The model can consistently explain the experimental data concerning the pair state of the hole doped cuprates. Three ingredients are required to make the interpretation possible: the existence of flat bands, a very small effective onsite repulsion, and a slightly dominating effective nnn attraction V 2 of the order of 60-80meV with a ratio V 2 /V 1 ≈ 1.5.
we allow on-site, nearest (nn), and next nearest neighbour (nnn) interactions.
The main finding of the theory is the following: the degree to which the Cooper pairs can take advantage of the large single particle density of states (DOS) (arising from the observed flat bands in the quasiparticle dispersion of hole doped cuprates [10] ), highly depends on the k dependence of the pair wavefunction. Assuming singlet pairing, and excluding the isotropic s-wave case by using a repulsive on-site interaction, we shall show that due to this effect, for the hole doped materials, there are precisely two different competing pair states, namely the d x 2 −y 2 , and the s xy state. Their relative stability is determined mainly by the ratio of the strengths V 1 for nn and V 2 for nnn terms of the pair potential. A consistent interpretation of the experimental data can be achieved with a set of parameters for which the two states are almost degenerate. However, we find that the observed gap of electron doped materials can only be reproduced by an attractive on-site potential, which would indeed suggest that the pairing mechanism is different in this case.
We consider the following model Hamiltonian on a square lattice
c † kσ creating a quasiparticle of momentum k, spin σ , where H int is chosen to have the following form
Heren stands for the number operator, δ n (δ nn ) represents the nn (nnn) lattice vectors, and σ is the spin index. The interaction constants V i are free parameters, however, generally we assume V 0 ≥ 0, and V 1 , V 2 < 0. This choice excludes isotropic s-wave pairing.
The quasiparticle dispersion relation ε(k) is obtained by a tight binding fit to normal state ARPES data on Bi2212, adjusted so that ε F = 0 (see Ref. [8] for details). Even though this fit was obtained from a particular material, we would like to stress that the qualitative features of the dispersion are common to all measured (by ARPES) high-T c materials near optimal doping. The conclusions of this paper do not depend on the detailed form of ε(k),
as long as the dominant feature is incorporated, the presence of flat bands in a large region of the Brillouin zone, leading to a van Hove singularity (vHS) in the DOS (see Fig. 1 ). The singularity seems to be slightly (≈ 30 meV for Bi2212, ≈ 20 meV for Y123) below ε F in the 
hole doped cuprates [10] . In the electron doped NCCO, flat bands are observed at ≈ 300 meV below ε F [11] . A fit of ε(k) to the latter spectra looks similar to the one obtained for the hole doped materials (taking into account a shift in the chemical potential).
After transforming H int to k space
where V(q) = V 0 + 4V 1 (cos q x + cos q y ) + 8V 2 cos q x cos q y and Λ the volume, we apply standard BCS theory [12] to obtain the familiar gap equation
Here
k is the usual quasiparticle energy in the superconducting state, β the inverse temperature. The potential V(k − k′) is separable, and restricting ourselves to singlet pairing, can be written as
with one of the irreducible representations (in this case, all of them one-dimensional) of the C 4v point group which characterizes the square lattice. They are listed in table II. The OP is
As usual, T c is determined by linearizing Eq. (4), which we can then solve separately within each irreducible representation. The representation with the largest T c is the one which will be chosen by the system, and as long as there is no additional phase transition, the OP at T < T c is given by the continous evolution of this solution as T is lowered. Here, we shall not consider the consequences of a second transition. 
At this point it is instructive to define a new quantity for each basis function
, which we call its pairing density of states (PDOS). The role of the PDOS in the gap equation for an anisotropic pair state is analogous to the role of the usual single particle DOS, N(ε), for an isotropic OP (for η 0 (k) = 1, P 0 (ε) = N(ε)). The PDOS of a particular pair state is of crucial importance, since it is the value of P i (ε) around ε F , which (apart from the pair potential strength) determines its stability.
In region around ε = 0.15, where its PDOS is large, grows substantially with increasing |V 2 |.
For V 0 > 0, the region of A 1 stability narrows to a |V 2 | stripe centered at about 100meV. As a function of increased hole doping, the phase boundary moves substantially towards larger V 0 . This is a result of the increasing ratio of the s xy to the d xy PDOS [P 3 (ε F )/P 4 (ε F )] as we approach the vHS (see Fig. 1 ). scenario. This is certainly a surprising result which requires a microscopic justification, since the bare copper on-site repulsion is generally believed to be large.
In the remainder of this paper, we concentrate on the competition between the s xy and the d x 2 −y 2 state. As a consequence of the previous considerations, we set V 0 = 0 in the calculations that follow. Fig. 3(a) shows the phase boundary between the two OPs in the relevant doping region. The boundary is essentially linear, and defined by a ratio of V 2 /V 1 ≈ 1. Until now, we were mainly concerned about the determination of a set of parameters which can reproduce the observed gap in Bi2212. In the final part of the paper, we want to see whether a similar set of parameters can consistently explain the experimental data relevant to the OP symmetry in Y123. As already noted by other authors [14] , the lower orthorhombic symmetry of Y123 has the effect that the five basis functions we considered now belong to only two different irreducible representations of the relevant point group C 2v . In particular, the d x 2 −y 2 state now falls into the identity representation A 1 , and a mixing with the s-wave like basis functions at T c is now possible. Note, that even though the true symmetry of Bi2212 is also orthorhombic due to the superlattice modulation, since the latter occurs along the (1,1) direction, the d x 2 −y 2 state does not belong to the A 1 representation in this case, and hence no mixing is possible [8] . To simulate the orthorhombic distortion, we artificially introduce a difference in the k x versus k y quasiparticle dispersion characterized by a parameter α defined by setting t i,x = (1 − α)t i , t i,y = (1 + α)t i . Here t i is the real space hopping matrix element for a lattice vector δ i in the tight-binding formulation. The qualitative effect of this symmetry breaking does not depend much on the value of α, so we fix it at α = 0.05. In our model, the orthorhombic distortion splits the vHS into two peaks, roughly separated by 50meV. The peak at higher energy corresponds to doping δ = 0.24. Note, that this splitting is of no relevance to the arguments presented below.
Since we already learned that the two competing states in the hole-doped region are the The crucial result here is that at T = 0, the two solutions repel each other, i. e., there is no value of the coupling constants where ∆ 1 ≈ ∆ 2 . The maximum admixture of the minor component is roughly 25%. This is clearly demonstrated in Fig. 4(d) , where the temperature dependence of the two components is plotted for two sets of parameters. For T close to T c , the two components develop roughly equally with decreasing T until at some T, one of the components starts to be boosted, and the other one becomes suppressed. This cross-over temperature can be related to the crossing of the free energy of the two solutions in tetragonal symmetry, which can occur when they have a similar T c . If the solutions are in the same representation, however, a crossing cannot occur; the solutions come very close to each other, and at the cross-over temperature, the stable solution changes its character rapidly, but continously. This behaviour can lead to an interesting effect, which is demonstrated in Fig. 4(c actually possible that as a function of T, the solution changes so dramatically, that close to T c , the sign of the gap is the same at 0 and 90 , whereas as T is lowered, the d x 2 −y 2 character starts to dominate, and the gap changes sign under a 90 rotation. Experimental evidence for such behaviour has already been reported on samples of Y123 [15] .
In any case, for the set of parameters determined to fit the gap of Bi2212, we find considerable mixing of the d x 2 −y 2 and the s xy state in Y123. As shown, it is not difficult to obtain a gap function with predominantly d x 2 −y 2 character so that the OP changes sign under a 90 rotation, while its average over the FS is still considerably large due to the s xy component. This could resolve the controversy which arose from results of different phase sensitive measurements on Y123 mentioned at the beginning. 
